Country indices as represented by iShares exhibit non-normal return distributions with both skewness and kurtosis. Davidson and Duclos (2000) and Memmel (2003) provide procedures for determining the statistical significance of stochastic dominance measures and the Sharpe Ratio, respectively. This study uses these refinements to compare the performance of 18 country market indices. The iShares are indistinguishable when using the Sharpe Ratio as no significant differences are found. In contrast, stochastic dominance procedures identify dominant iShares. Although the results vary over time, stochastic dominance appears to be both more robust and discriminating than the CAPM in the ranking of the iShares.
Introduction
Contemporary finance advocates the use of the mean-variance model developed by Markowitz (1952) and the capital asset pricing model statistics (CAPM) developed by Sharpe (1964) , Treynor (1965) and Jensen (1969) for portfolio construction and performance evaluation. These methodologies depend on normal return distributions and quadratic utility functions and are not appropriate if return distributions are not normal or investors' utility functions are not quadratic.
Stochastic dominance (SD) rules offer superior criteria on which to base investment decisions relative to the traditional mean-variance (MV) model because the assumptions underlying SD are less restrictive than those of the MV. SD incorporates information on the entire return distribution, rather than the first two moments as with MV and requires no precise assessment as to the specific form of the investor's risk preference or utility function. It also allows us to determine if an arbitrage opportunity exists among the investment alternatives so that once an arbitrage opportunity is identified, investors can increase their utilities as well as wealth by setting up zero dollar portfolios to exploit this opportunity.
The SD requirements on investors' utility functions depend on the level of stochastic dominance being examined. They must exhibit non-satiation (more is preferred to less) under first-order SD (FSD); non-satiation and risk aversion under second-order SD (SSD); and non-satiation, risk aversion, and decreasing absolute risk aversion (DARA) under third-order SD (TSD). Jarrow (1986) shows that if the return distribution of investment Y dominates the return distribution of investment Z in the sense of first order stochastic dominance, investors can increase both their wealth and their utilities by shifting from Z to Y. Stochastic dominance procedures allow the identification of these arbitrage opportunities.
These advantages of stochastic dominance have motivated prior studies to use SD techniques to evaluate the performance of mutual funds. Unfortunately, earlier research was unable to determine the statistical significance of stochastic dominance. However, recent advances in stochastic dominance techniques by Davidson and Duclos (2000) (DD) i allow differences between any two return cumulative density functions to be tested for statistical significance. The Davidson and Duclos SD procedures allow us to identify the negative and positive regions for FSD, SSD, and TSD and their levels of significance.
An opportunity for applying these innovations emerged with the introduction of country index funds. Standard and Poor's Depository Receipts, (SPDRs or "spiders") track the S&P 500 Index and began trading in January 1993. The acceptance and wide use of SPDRs (ticker symbol: SPY) led to the introduction in March, 1996, of seventeen exchange traded funds (ETFs) known as World Equity Benchmark Shares (WEBS).
WEBS, now known as iShares, are investment companies designed to track the Morgan Stanley Capital International (MSCI) foreign stock market indices. These innovations allow investors to continuously trade shares of several well-diversified portfolios.
ii Empirically these securities' distributions are non-normal and exhibit both skewness and kurtosis. In addition, shocks to the system cause stock returns to exhibit non-normal behavior and the return distributions may exhibit the "fat tails" associated with extraordinary gains or losses. It is essential that the shocks be correctly modelled. In the MV framework, shocks are only modelled by changes in the mean and variance.
However, stochastic dominance considers the entire distribution and shock information is more fully impounded in the evaluation process.
We find that the traditional CAPM measures are ambiguous in their evaluation of the iShares. Specifically, ambiguity is present both between and within measures. For example, although the Sharpe ratio can be used to rank the iShares and the dispersion is relatively wide, we find that none of the differences are statistically significant, including the difference between the highest and lowest ratios. The evaluation problem is compounded because the Treynor and Jensen measures suggest different rankings.
These measures use systematic risk in their calculations and these are problematic during periods when markets are volatile.
We use SD procedures that allow us to determine whether statistically significant stochastic dominance occurs among 18 marketable iShares. Finally, we examine the efficacy of SD procedures during "up" and "down" markets.
A regime shifting procedure is applied to the MSCI index to identify up and down markets for the exchange traded funds, and, again SD procedures are applied. The dominance of the SPY over the entire period and the three subperiods are confirmed with the up-market and down-market results.
Literature Review
Early stochastic dominance research falls into two categories. The first type compares efficient frontiers generated by mean-variance models with efficient frontiers generated by stochastic dominance models. Levy and Sarnat (1970) find that the efficient set according to the MV criteria is reasonably similar to a set using a concave utility function. They suggest, however, that stochastic dominance may be used to reduce the number of alternatives via a first screening of the data. Porter (1973) compares the MV frontier with the frontier developed by stochastic dominance procedures. He reports the two efficient frontiers are similar and that discrepancies are minor. Recently, Kjetsaa and Kieff (2003) show how to use stochastic dominance to iteratively reduce a large set of equity mutual funds operating over the period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] to a single-digit set of non-dominated funds. They suggest stochastic dominance may be used to identify funds that outperform market indices. They report that the most significant difference between the MV and stochastic dominance portfolios is the tendency for SD to eliminate low return -low variance portfolios. Although they conclude that the choice between stochastic dominance and mean variance models is not critical, the MV rule can lead highly risk-averse investors to make choices inconsistent with the maximization of expected utility.
In recent years, a number of studies have focused on the skewness of return distributions. Peiro (1999) finds that sample skewness can be used to reject symmetry in eight of nine stock return indices but that the results are sensitive to extreme outliers.
He observes that two markets exhibit differences in location between negative and positive excess returns and three markets exhibit different dispersion. Daily returns are used to compute the descriptive statistics described above for each fund in the sample. As will be seen in the next section, the measures of skewness, kurtosis, and the Jarque-Bera statistic indicate that none of the 18 return distributions are normal. Because the mean-variance criterion and the CAPM statistics are restricted to the first two moments of the data, important information contained in the higher moments is ignored and, hence, may result in inappropriate investment decisions.
To overcome the shortcomings associated with the MV and CAPM models and to investigate the performance of the entire distributions of the returns, we apply the
Davidson and Duclos (2000) nonparametric stochastic dominance (DD) statistics to test
for the dominance of any pair of the returns series.
iii Assume there are two return distributions, Y and Z, with N y and N z observations with the corresponding cumulative distribution functions to be F y and F z, respectively. Let
for all i, with strictly significant inequality for some i. . Modified from the Kolmogorov-Smirnov statistic, the DD statistic tests the null hypothesis, H 0 , of the equality of ( ) ( )
where:
Note that N y = N z = N as (x, y) are paired observations.
To test for stochastic dominance, H 0 should be examined for the full support, which is empirically impossible. A compromise is to examine a pre-designed finite number of values of x based on adopted multiple comparisons (Bishop, et al 1992) . For any fixed values of x 1 , x 2 , …, x m and their corresponding statistics T k (x i ) for k = 1, 2, 3 and i =1,…, m, the following hypotheses are investigated:
:
for some i; and
We note that in the above hypotheses, A H is set to be exclusive of both (2003) and Tse and Zhang (2004) show that an appropriate choice of 'm' for reasonably large samples ranges from 6 to 15. Too few grids will miss information of the distributions between any two consecutive grids and too many grids will violate the independence assumption required by the SMM distribution. To allow more detailed comparisons without violating the independence assumption, we follow Fong, et al (2005) to create 10 major partitions with 10 minor partitions within any two consecutive major partitions in each comparison, and to make the statistical inference based on the SMM distribution for k=10 and infinite degrees of freedom v . This allows the examination of the consistency of the magnitudes and the signs of the DD statistics between two consecutive major partitions.
Results
The descriptive statistics for the returns of the 18 closed-end funds for the entire period and three subperiods are reported in Table 2 , Panels A through D. As can be seen, the means and standard deviations vary widely across iShares and over time. Though not shown here, two-sample t-tests indicate that some funds have significantly higher mean returns than others, and the F-statistic shows some standard deviations are significantly different at the 1% level. For example, the U.S. SPY exhibits a significantly higher mean and a significantly smaller standard deviation than Malaysia's EWM while Spain EWP exhibits a significantly higher mean but not significantly smaller standard deviation than Japan's EWJ. The characteristics of these four iShares are examined later in more detail.
However, the results also show that the return distributions are non-normal and exhibit both skewness and kurtosis and, hence, the distributions do not satisfy the The three subperiod results are presented in Panels B through D and allow the examination of the performance measures during different economic conditions. Again, we observe substantial differences among the distributions during different time periods.
Skewness appears to be reduced over time as the number exhibiting significant skewness at the 1% level decreases from 11, to 8, to 3 (including MSCI) over the three subperiods.
Changes in kurtosis and the JB statistic are much less with a maximum of 3 kurtosis measures being not significant in the first subperiod.
Unlike the CAPM criteria, stochastic dominance procedures allow us to determine whether one iShare stochastically dominates another based on the entire empirical return distribution. Thus, investors could have increased both their wealth and their utility by switching from Japan to Spain. This is an interesting finding, as most, if not all, prior studies find no first order stochastic dominance. However, we must conclude it is time-specific as the relation does not appear in any other period.
Bawa (1978) and Jarrow (1986) point out that if there is no first order stochastic dominance, investors cannot increase their wealth by switching from one fund to another, and no arbitrage opportunity exists. However, by considering second and third order stochastic dominance, we can determine whether investors could increase their utility by switching from one fund to another. In addition, the impact of the positive and negative portions of the return distributions is examined. The second set of funds considered further is Spain EWP and Japan EWJ.
Interestingly, the DD test indicates first order stochastic dominance of EWP over EWJ in the first subperiod. The FSD finding is important as most past studies find no evidence of first order dominance. The results for these two funds are presented in Table 6 and However, in the first sub-period, Table 6 reveals that there are 11% (41% and 70%) first (second and third respectively)-order dominance of EWP over EWJ and Figure 6 confirms that these dominances are in the negative region. The first order dominance (though marginal) of EWP over EWJ implies that all investors with increasing utility will prefer EWP than EWJ. There is an arbitrage opportunity between EWP and EWJ such that all investors will increase both their wealth and their utility if they shift their investments from EWJ to EWP. However, Table 6 and Figures 7 and 8 show that the dominances (first, second and third orders) disappear in the following two sub-periods.
This could be due to its exploitation after investors realize this arbitrage opportunity.
In addition we examine stochastic dominance in up-markets and down-markets by applying a regime shifting technique (see for example, Hamilton (1994) . We use the MSCI index to classify the up-market and down-market regimes and to estimate the likelihood of being in an up-market or down-market on each day by applying the Hamiltonian regime switching approach. By using the regime switching technique, we find days with low likelihood of being a down market prevail in our first two sub-periods, while those with high likelihood of being down market are more pronounced within the third sub-period. Figure 9 A shows the long upward trend in the MSCI until the bursting of the technology bubble in early 2000, followed by the substantial decline until the end of the period. Figure 9 B shows the probability of a down market over the entire period.
We see that early in the period, the data are dominated by a lower probability of a down market, while later in the period there is a high probability of a down market. Because the results of the up-and down-market regime changes are similar to the original analyses of the sub-periods, we do not report the results in this paper.
Conclusion
Recent improvements in statistical procedures allow a more rigorous assessment of different return distributions. Memmel (2003) The results show that even though there appear to be large differences among the Sharpe Ratios, the Memmel test indicates none of the differences are statistically significant. Thus, the ratios are indistinguishable on the first two moments, possibly due to the existence of skewness and kurtosis. Furthermore, the Treynor and Jensen measures provide conflicting rankings. This may be caused by the use of betas that may be biased due to volatile markets and non-normal return distributions. Variations in these measures over the subperiods support this view.
Previous stochastic dominance tests provide an overall assessment of return distributions. We extend the research by using the Davidson and Duclos (2000) stochastic dominance tests of significance and isolate the regions of statistical significance. Specifically, using four different iShares and three subperiods, we identify the existence for first-, second-and third-order stochastic dominance and the levels of significance. Although the results vary over time, stochastic dominance appears to be more robust than the CAPM in the ranking of the iShares. 2.6039** 558.0178** The risk-free asset is 3-month T-bill in US and market return is from the MSCI World Index. * means the statistics are significant at 5% level, and ** means the statistics are significant at 1% level. .0161** The risk-free asset is 3-month T-bill in US and market return is from the MSCI World Index. * means the statistics are significant at 5% level, and ** means the statistics are significant at 1% level. 
